
    
      Fig. 3. 
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        Comparison between the reddening assumed for the programme stars in the region of the Upper Scorpius – Ophiuchus cloud and other estimates. Upper panel: with the intensity of the emission as measured by the Planck mission. Lower panel: with the total reddening in the g − r colour and in that direction obtained from the map by Green et al. (2019); the dashed red line is the expected relation between E(B − V) and E(g − r) (Schlafly & Finkbeiner 2011). Only objects with E(B − V) > 0.1 are plotted here. In both panels the size of the points is related to the distance from the Sun (largest symbols are for the farthest stars).

      

    

  
    
      Fig. 5. 
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        Map of the ages assumed for the programme stars and the age map by Pecaut & Mamajek (2016; coloured map in transparency; redder colours are oldest stars, blue are younger; the colour scale is above the plot). The area of the black blobs is inversely proportional to the age in our analysis. The smallest value is for HIP 54767 (84.5 Myr); this star is not actually member of Sco-Cen.

      

    

  
    
      Fig. 7. 
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        Values of the semi-major axis a and mass ratio q compatible with the observed value of PMa, RUWE, and scatter in RVs for a close companion to HIP 60855. The upper panel shows the values obtained only using the PMa; the middle panel those obtained also considering the RUWE, and the bottom panel the solutions compatible with all data. Dashed lines mark the semi-major axis corresponding to a projected separation of 0.12 and 1 arcsec, the approximate limit for detection using high contrast imaging (HCI) and Gaia, respectively. This particular companion is not expected to be detectable as a visual binary.

      

    

  
    
      Fig. 10. 
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        Smoothed distribution of the companions in the semi-major axis a – mass ratio q plane. Top row: observed distribution. Middle row: detection completeness maps. Bottom row: observed distribution corrected for completeness. Left column gives results for the whole sample; the central column gives results from stars more massive than 3.5 M⊙; the right column for less massive stars. The magenta area in the lower row marks the region with completeness < 0.2, not used in the analysis.

      

    

  
    
      Fig. 11. 
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        Distribution of companions with log q > −1.08 as a function of the logarithm of the semi-major axis a in au. The upper panel is for all B-stars, middle panel is for primaries with M > 3.5 M⊙, an the lower panel is for primaries with M < 3.5 M⊙. The shaded area corresponds to 1-σ uncertainty. The red lines are fits with the log-normal curves given in the text.

      

    

  
    
      Fig. 12. 
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        Distribution of companions with 0.5 < log a < 3 as a function of the logarithm of the mass ratio q. The upper panel is for all B-stars, middle panel is for primaries with M > 3.5 M⊙, an the lower panel is for primaries with M < 3.5 M⊙. The shaded area corresponds to 1-σ uncertainty. Red lines are the fits with log-normal curves given in the text.

      

    

  
    
      Fig. 13. 
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        Relation between the mass of the companion MB and the total mass of the system within within its orbit (mass of the primary). Upper panel: all companions. Lower panel: only companions within 1000 au from the star. Blue squares symbols are companions detected through eclipses, RV curves, and imaging (including interferometry) on the BEAST sample; orange circles are stars not included in that sample. Grey triangles are companions only detected through PMa, Gaia RUWE parameter, and RVs.

      

    

  
    
      Table 6. 

      Mass distribution of companions to massive stars MA > 5 M⊙.

      
        


	Mass range
	a < 1000 au
	a > 1000 au



	M⊙
	
	





	MB < 0.072
	4
	0



	0.072 < MB < 0.5
	7
	6



	0.5 < MB < 1.0
	9
	1



	1.0 < MB < 2.0
	11
	5



	MB > 2.0
	42
	3





      

    

  
    
      Fig. 14. 
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        Runs of statistical properties of binaries with the stellar mass. Upper panel: run of the frequency of single stars from our data (orange squares with red edge), the samples in Table 7 (filled circles) and from Moe & Di Stefano (2017; opens circles). Lower panel: run of the median semi-major axis. Horizontal error bars reproduce the mass range of the different samples

      

    

  
    
      Fig. 15. 
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        Comparison between observed (top row) and model (bottom row) maps of the smoothed distribution of companions in the separation (in au) vs mass ratio plane. We consider here the maps obtained considering only the closest companion, for consistency between the models and the observations. Left column is the whole sample; central column is for stars with a mass > 3.5 M⊙; right column is for stars with a mass < 3.5 M⊙. The magenta area marks the region with completeness < 0.2, not used in the analysis.

      

    

  
    
      Fig. A.1. 
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        Run of the limiting contrast with separation (upper panel) and of the limiting mass as a function of the semi-major axis (lower panel) obtained from the IFS BEAST observation. The solid line is the average value, the dashed lines mark the 1-sigma range in both directions. Limiting masses are obtained adopting 15 Myr old isochrones by Baraffe et al. (1998, 2015).

      

    

  
    
      Fig. A.5. 

      
        [image: thumbnail]
      

      
        No-ADI IRDIS image of β Cru. Component B is on the lower left (SE) of the star

      

    

  
    
      Fig. A.8. 
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        Analysis of the non-coronagraphic image of HIP76600 analysed using the same technique described in Bonavita et al. (2022b); colour scale is intensity arbitrary units

      

    

  
    
      Fig. D.1. 
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        Upper panel: Comparison of the detection (upper) limit in mass as a function of separation for companions of HIP 62058 from data in the BEAST HCI (red long dashed line), the upper limit given by the lack of significant RUWE (green short dashed line) and the mass of the object responsible of the PMa as given by Kervella et al. (2022; blue solid line). Bottom panel: the same for HIP 64053 from data in the BEAST HCI (red long dashed line), the upper limit given by the lack of significant RUWE (green short dashed line) and the mass of the object responsible of the PMa as given by Kervella et al. (2022). The brown area in both panels is the region compatible with all constraints from our analysis. The orange shadowed area in the bottom panel marks the position of the warm debris disk (Ballering et al. 2017).

      

    

  
    
      Table E.1. 

      Target list (full table available through CDS).

      
        


	HIP
	Other
	HD
	RA
	Dec
	d
	Prob
	ST
	E(B-V)
	Age
	Remark



	
	
	
	degree
	degree
	pc
	
	
	mag
	Myr
	





	Stars in the BEAST sample



	50847
	L Car
	90264
	155.7422753
	-66.90149731
	123.2
	80
	B8
	0.006
	27.3
	



	52742
	HR4221
	93563
	161.7394693
	-56.75719167
	161.3
	0
	B5
	0.009
	82.5
	Be



	54767
	HR4355
	95783
	168.1883625
	-64.16976977
	97.7
	4
	B8
	0.005
	84.5
	



	58452
	
	104080
	179.7945014
	-45.83222168
	134.0
	47
	B8.5
	0.007
	20.0
	



	58901
	
	104900
	181.1885822
	-59.25325091
	117.0
	99
	B9.5
	0.015
	13.9
	





      

    

  
    
      Table E.2. 

      Information about binarity (full table available through CDS).

      
        


	HIP
	K2 or
	SB orEB
	Trifonov2020
	Gaia RV
	Gull.
	RUWE
	PMa
	HCI
	Int.
	GAIA



	
	TESS
	
	dt
	sigma
	RV
	err
	prob.
	ampl.
	
	
	SNR
	
	
	cpm



	
	
	
	d
	km/s
	km/s
	km/s
	const.
	km/s
	
	
	
	
	
	arcsec





	B stars in BEAST



	50847
	T
	SB2
	no
	
	no
	
	
	
	
	1.038
	1.39
	3
	
	



	52742
	T
	
	no
	
	no
	
	
	
	
	1.166
	0.66
	2
	
	



	54767
	T
	SB
	no
	
	14.4
	0.6
	0.0903
	6.7
	
	0.932
	0.08
	3
	
	



	58452
	K2
	C
	no
	
	no
	
	
	
	
	0.973
	1.59
	2
	
	



	58901
	K2
	SB
	no
	
	no
	
	
	
	
	2.750
	35.28
	1
	
	





      

    

  
    
      Table E.3. 

      Photometry (full table available through CDS).

      
        


	HIP
	sep
	a
	GA
	GB
	KA
	KB
	MGAcor
	MGBcor
	MKAcor
	MKBcor
	G − KA
	Method



	
	arcsec
	au
	mag
	mag
	mag
	mag
	mag
	mag
	mag
	mag
	mag
	





	Stars in the BEAST sample



	50847
	0.002
	0.216
	4.911
	6.488
	5.314
	
	-0.320
	
	0.175
	
	-0.495
	SB2



	
	2.219
	273.276
	4.911
	
	5.314
	10.624
	-0.320
	
	0.175
	5.170
	
	VIS



	52742
	1.092
	176.0
	5.080
	
	5.225
	11.965
	-0.981
	
	-0.815
	5.925
	-0.165
	VIS



	54767
	0.002
	0.231
	5.204
	
	5.418
	
	0.243
	
	0.468
	
	-0.225
	SB



	58452
	
	
	6.338
	
	6.529
	
	0.685
	
	0.892
	
	-0.207
	



	58901
	0.043
	4.987
	6.201
	
	6.278
	
	0.824
	
	0.934
	
	-0.110
	PMa
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